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SYSTEM AND METHOD FOR UPDATING 
LOCATION INFORMATION FOR 

DISTRIBUTED COMMUNICATION DEVICES 

TECHNICAL FIELD 

This invention relates in general to communication 
networks, and more particularly to the determination of 
location information for communication devices Within a 
netWork. 

BACKGROUND 

Asynchronous communication netWorks of loW poWer 
communication devices are being designed for a variety of 
applications. LoW poWer devices generally use a loW com 
munication duty cycle frame structure in order to minimiZe 
the amount of poWer used While not actively communicating 
With other netWork devices. HoWever, the use of a loW 
communication duty cycle frame structure often implies that 
device availability is reduced. In Wireless communication 
networks, a fundamental challenge is maintaining high 
availability communications While using loW poWer Wireless 
communication devices. 

In one particular application of an asynchronous commu 
nication netWork, geographically dispersed sensing devices 
are used for monitoring purposes. Generally, information on 
the location of such sensing devices is useful for facilitating 
routing, con?guration, control, and data management Within 
the netWork. When such devices are moved, the device 
location needs to be updated. HoWever, for loW-cost devices, 
the calculation of location information can be very 
complicated, particularly When there are a large number of 
devices. Ideally, location information is derived only When 
necessary, for instance, for those devices that have been 
moved. 

Generally, there is a desire for netWorks of loW poWer, loW 
cost Wireless devices With location aWareness for each 
device. Existing netWork designs do not adequately provide 
for a loW cost, reliable method for maintaining location 
information Within such netWorks. Therefore, a neW system 
and method for maintaining updated location information in 
a netWork of distributed communication devices is needed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the invention 
are set forth in the claims. The invention itself, hoWever, as 
Well as a preferred mode of use, and further objects and 
advantages thereof, Will best be understood by reference to 
the folloWing detailed description of an illustrative embodi 
ment When read in conjunction With the accompanying 
draWings, Wherein: 

FIG. 1 is a netWork containing multiple loW poWer 
devices and an additional loW poWer device functioning as 
a mediation device, and a processor node to derive location 
information based on the measurements, in accordance With 
the present invention. 

FIG. 2 is a block diagram shoWing functional blocks of a 
loW poWer device operable as a mediation device, in accor 
dance With the present invention. 

FIG. 3 illustrates a loW communication duty cycle frame 
structure for a loW poWer device, according to the second 
embodiment of the present invention. 

FIG. 4 is a ?oWchart of procedures for operating a 
communication device as a mediation device, in accordance 
With the present invention. 
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2 
FIG. 5 is a ?oWchart of procedures for operating a 

processor node to compute location information for a net 
Work of devices, in accordance With the present invention. 

DESCRIPTION OF THE INVENTION 

While this invention is susceptible of embodiment in 
many different forms, there is shoWn in the draWings and 
Will herein be described in detail speci?c embodiments, With 
the understanding that the present disclosure is to be con 
sidered as an eXample of the principles of the invention and 
not intended to limit the invention to the speci?c embodi 
ments shoWn and described. In the description beloW, like 
reference numerals are used to describe the same, similar or 
corresponding parts in the several vieWs of the draWing. 

Generally, the present invention provides for a method of 
updating location information for communication devices 
organiZed in a spatially dispersed netWork, Which method is 
particularly useful for asynchronous netWorks. At multiple 
instances over a period of time, each of several communi 
cation devices alternatively operates in three distinct modes, 
including a sleep mode, an ordinary or normal communica 
tion mode, and a management mode. In the normal com 
munication mode, the communication device Wakes up and 
performs a particular function, and in the management 
mode, the communication device communicates With others 
Within the netWork to collect and store location-determining 
information. Location information for selected devices on 
the netWork is updated using the location determining infor 
mation collected by one or more communication devices 
over multiple instances of operation in the management 
mode. In one embodiment, the communication device also 
manages communication activity for others While in the 
management mode. 

For the purposes of illustrating the invention, the term 
Mediation Device (MD) is used herein to refer to a com 
munication device operating in a management or mediation 
mode, Which terms are used synonymously. In the manage 
ment mode, the communication device operates to commu 
nicate With other netWorked devices and to collect and store 
information useful in the determination of location informa 
tion. In the preferred embodiment, signal quality estimates 
are collected based on the communication signals transmit 
ted by other devices. The signal quality estimates are used to 
determine the relative distances of neighboring netWorked 
devices. 

In the preferred embodiment, the MD also acts as a 
mediator betWeen communication devices Within its com 
munication range, and is capable of recording and playing 
back message related information. This is most useful When 
tWo communication devices are unable to establish contact. 
More than one MD may also be used in a multi-hop netWork, 
Where each MD mediates for a group of loW-poWer, loW 
communication duty cycle communication devices that are 
Within the communication range of the MD. The MD has a 
relatively high duty cycle as compared to the loW-poWer 
communication devices in the group and is thus able to store 
and forWard messages betWeen tWo or more loW poWer 
communication devices in the asynchronous netWork. 

Each loW poWer communication device may be operable 
as a MD Within the asynchronous netWork, With a loW poWer 
communication device of the netWork being randomly cho 
sen to temporarily operate as a MD of the group. This alloWs 
the overall netWork to remain a loW poWer, loW cost asyn 
chronous netWork and each loW poWer Wireless device to 
remain a loW communication duty cycle device, eXcept 
When serving as a MD. Since a loW poWer Wireless device 
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is a MD only occasionally, the average communication duty 
cycle of each loW poWer Wireless device can remain loW. 
Distributing MD functionality across all the communication 
devices in the netWork also alloWs the communication 
devices to use energy mining in order to increase the average 
communication duty cycle of the communication devices in 
the netWork. 

During normal asynchronous netWork operation, each 
communication device has a loW communication duty cycle 
frame structure. The communication duty cycle of the device 
may be adapted to the design parameters of the netWork, so 
that changing the parameters of the MD has an impact on the 
availability of each communication device Within commu 
nication range of the MD. 

According to the invention, FIG. 1 shoWs a netWork 100 
containing several loW poWer communication devices, in 
accordance With the present invention. Some of devices 110, 
120, 130, 150, 160 are shoWn in an active communication 
mode, While other devices 140 are shoWn operating in a 
sleep mode. Each of the loW poWer communication devices 
110, 120, 130, 140, 150, 160 can function as MD. As shoWn, 
communication device 130 is temporarily functioning as a 
MD. Each loW poWer communication device functions as 
MD in a random order. In the preferred embodiment, a 
processor node 180 functions as a computation device for 
calculating the relative or actual location of various devices 
Within the netWork. The processor node 180 communicates 
With a device functioning as an MD device, such as device 
130, to obtain location determining information, Which is 
combined With similar information obtained from other 
devices operating as the MD to generate location informa 
tion on the netWorked devices. 

There are several approaches that may be used to select 
the neXt MD. In one approach, the MD could be selected at 
random When the loW poWer communications device acting 
as MD is not able to act as MD any longer. If each MD uses 
a randomly generated initial phase offset tO, then the dis 
tribution of MD functionality across the loW poWer com 
munication devices Within the netWork should be uniform. 
This selection process Will prevent collisions betWeen tWo 
loW poWer communications devices attempting to concur 
rently act as MD, but it requires coordination amongst the 
loW poWer communication devices Within the netWork. A 
second approach, and the one used in the second preferred 
embodiment, is to let each loW poWer Wireless device 
randomly determine When it Will act as MD. In the case of 
tWo loW poWer communication devices acting as MD, a 
collision avoidance strategy Will be used to ensure only one 
MD is Within communication range of a loW poWer com 
munication device. 

Referring noW to FIG. 2, a system level block diagram 
200 of the internal operation of a loW poWer communication 
device having MD functionality is shoWn according to the 
second embodiment of the invention. The device 200 as 
shoWn supports tWo distinct but compatible functionalities: 
location determining information collection and storage, and 
communication activity coordination. Both functions are 
preferably implemented in one device as part of an overall 
system con?guration. HoWever, the function related to loca 
tion determining information collection and storage may be 
implemented apart from the function relating to communi 
cation activity coordination Without departing from impor 
tant aspects of the present invention. 

In the device 200, a message receiver 215 receives 
incoming messages 205 and provides information to a 
function processor 225. The function processor 225 includes 
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4 
components particular to the overall function of the device, 
such as components for sensing, measuring, monitoring, 
control, and/or other functions. Amessage transmitter to 220 
coupled to the function processor 225 provides the capabil 
ity of transmitting data pertaining to device function or other 
communication and is needed. A timing module 245 pro 
vides information for communication, synchroniZation, and 
other device functions. A memory module 255 stores oper 
ating instructions and data for the device, and the controller 
235 provides overall control for the device. The device 200 
also includes components or functionality speci?cally for 
supporting MD activities. For example, the function proces 
sor 225, the controller 235, the timing module 245, and the 
memory module 255, all contain components 230, 240, 250, 
260, speci?cally geared toWard supporting the MD func 
tionality. The memory component 260 contains a database 
267 for storing location determining information. The 
memory 255 includes message record instructions 265, and 
message playback instructions 262 to alloW the device 200 
to function as a communication activity coordinator. Using 
the message record and playback instructions 265,262, the 
device, When operating as an MD, can mediate requests 
from communication devices Within the netWork by record 
ing messages, playing back messages, and saving commu 
nication device contact information. The database 267 fur 
ther includes storage for multiple instances of location 
determining information. Preferably, the location determin 
ing information includes signal quality information, such as 
received signal strength information (RSSI) for communi 
cation signals received from particular devices or related 
derived information. A signal quality estimator 290 is 
coupled to the message receiver 215 and operates to analyZe 
communication signals received by the device in order to 
determine signal characteristics, and to generate, for 
eXample, the RSSI. The RSSI is useful for estimating the 
relative distance betWeen the device and another device With 
Which it is communicating. Note that the signal quality 
information may comprise other data such as correlation and 
symbol synchroniZation values. 

In general, the device 200 is capable of supporting spe 
cialiZed functionality for collecting and recording location 
determining information, and for sending and receiving 
several types of MD messages, including the source com 
munication device identi?er, the destination communication 
device identi?er, the message, time of desired 
communication, message replay requests, control Words, 
and device status messages. This specialiZed functionality is 
in addition to the normal operational mode representative of 
the plethora of loW poWer communication devices in the 
netWork. One skilled in the art Will recogniZe that the 
functional blocks illustrated in the system level block dia 
gram 200 of FIG. 2 may be modi?ed or combined Without 
departing from the spirit and scope of a loW poWer com 
munication device that sends messages, receives messages, 
and processes messages. In particular, it should be noted that 
the MD functionality shoWn in FIG. 2 may be further 
combined or isolated from the non-MD operation of com 
munication device 200, so long as the device 200 is operable 
as a MD on the netWork. 

Referring noW to FIG. 3, a representative loW communi 
cation duty cycle frame structure 300 of loW poWer com 
munication device 200 is shoWn. LoW communication duty 
cycle frame structure 300 contains periodic super frame 
sequences 360. A super frame 360 contains a plethora of 
modes. A ?rst mode of the plethora of modes of a super 
frame 360 is a random delay to block 335, the random delay 
has duration to 335, Where to is betWeen 0 and the duration 
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of a single transmit or receive period. This delay randomiZes 
the start time of each super frame of the communication 
devices in the network, so that the probability of multiple 
devices to function as MD concurrently is reduced. A MD 
mode 340 occurs neXt chronologically, Which contains a 
Warm-up block 305, a receive slot 310 and a transmission 
slot 315. Warm-up block 305 is a very small percentage of 
the overall MD mode. In the preferred embodiment, the one 
receive slot 310 precedes the one transmit slot 315, although 
the order could be sWitched. Also, one of ordinary skill in the 
art Will recogniZe that MD block 340 could contain several 
transmit and receive slots in various arrangements. Also, 
although transmit slot 315 occurs directly before or directly 
after receive slot 310, the hardWare contained in the trans 
mitter and receiver Will require some time to sWitch betWeen 
transmit and receive modes. The duration of the sWitching 
time can be dependent on the sWitching speed of the 
hardWare in the communication devices, or it could be 
determined by a user speci?ed parameter in the communi 
cation device processor. 

After MD mode 340 ends, a sleep mode 345 begins. In the 
preferred embodiment, the sleep block 345 is less than half 
of the overall MD 340 duration. After the sleep mode 345 
ends, a regular communication mode 350 begins. A com 
munication mode 350 further contains a Warm-up block 320, 
a receive slot 325 and a transmission slot 330. A commu 
nication block 350 is a very small duration When comparing 
With the duration of a sleep mode 345. At the end of the 
communication block 350, the loW poWer communication 
device 200 repeats the sleep mode 345 and the communi 
cation mode 350 until the end of the super frame 360. 

At the conclusion of the ?rst super frame, the entire 
framing sequence just described is repeated until loW poWer 
communication device 200 stops functioning as a commu 
nication device. The decision to stop functioning as a 
communication device is made solely by the loW poWer 
communication device 200 in the preferred embodiment, 
although it is also possible to coordinate the role of MD 
among several loW poWer communication devices. Note that 
loW poWer communication device 200 contains the ability to 
generate and store random or pseudo-random numbers. 
These numbers could be generated by MD processor 230, 
and stored in the MD memory 260. 

According to the invention, each device in a netWork of 
communication devices, at multiple instances over a period 
of time, is alternatively operated in ?rst, second, and third 
distinct modes. The operation of each device may be 
independent, in that the timing of the modes is not synchro 
niZed betWeen devices, or the operation of tWo or more 
devices may be coordinated. In the ?rst mode, the device 
sleeps for a particular period of time, and in the second mode 
the device Wakes up and performs a particular function. In 
the third mode, the device communicates With others of the 
netWorked devices, and collects and stores location deter 
mining information. Using the location determining infor 
mation collected by one or more of communication devices 
over multiple instances of operation in the third mode, 
location information is calculated or updated for selected 
devices Within the netWork. In the preferred embodiment, 
the particular device is operable to mediate or manage 
communications among others devices of the netWork dur 
ing a mediation communication period While in the third 
mode, such as by managing the timing schedule activity for 
others of the netWorked devices. Accordingly, the third 
mode is referred to herein as a mediation or management 
mode. On the other hand, the device is not operable to 
mediate communications for other communication devices 
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While in the second mode, but is operable to perform a 
particular function such as monitoring, measuring, sensing, 
reporting, and the like. Each communication cycle prefer 
ably includes a mediation communication period corre 
sponding to the mediation mode, and multiple normal com 
munication periods interspersed With multiple sleep periods 
during the normal operating mode. Preferably, upon entering 
the mediation mode, each communication device randomly 
sets the duration of a ?rst communication cycle of the 
communication device, and collects and stores location 
determining information based on communication With 
other communication devices. 

FIG. 4 is a ?oWchart of procedures used by a communi 
cation device functioning as an MD, in accordance With the 
present invention. At a particular instance of time, preferably 
randomly selected, and for a ?rst time period, the device 
operates by performing a coordinating role for communica 
tion activity among other communication devices, step 410. 
Preferably, the communication devices of a netWork or 
subset group Within a netWork cooperate such that only one 
device function as an MD device at any particular time. In 
this role, the device receives communication from other 
devices. Signal quality estimates are obtained and recorded 
for communication signals received from the other devices. 
In preferred embodiment, received signal strength informa 
tion pertaining to each of communication received is 
analyZed, and pertinent information useful in determining 
relative location is recorded. For example, using knoWn 
techniques, estimates for the relative distance betWeen the 
MD device and another netWorked device can be estimated. 
In this manner, the device collects and stores location 
determining information regarding other communication 
devices, step 420. After termination of the ?rst time period, 
and for the duration of a subsequent second time period, the 
coordinating role is suspended or relinquished, step 430. 
While in the second time period, the device determines if it 
should send location determining information to the proces 
sor node, by testing the value of a transmit criteria, step 435. 
The transmit criteria may be, for eXample, a simple timer, or 
a function of the location determining information itself. If 
the transmit criteria is not satis?ed, the device functions in 
a normal operating mode, including periods of non-activity 
or sleeping, and periods of performing speci?c device func 
tions such as monitoring, sensing, tracking, and the like, for 
the remainder of the second time period, step 440. Also, 
during the second time period, the device communicates 
With other communication devices Within range that have 
the coordinating role. The device then resumes operation in 
a coordination role, step 410. 

If the transmit criteria are satis?ed in step 435, the device 
uploads or transmits the collected location determining 
information to a processor node for computation of location 
information for the netWorked devices, step 450, then oper 
ates in a normal operating mode for the remainder of the 
second time period, step 460. The device then resumes 
operation in a coordination role, step 410. FIG. 5 is a 
?oWchart of procedures used by a processor node, in accor 
dance With the present invention. The processor node 
receives location determining information from various MD 
devices, step 510. The processor node compares location 
determining information such as received signal strength for 
communication signals received by an MD device from 
another device during the duration of multiple instances of 
operation as an MD, such as betWeen the ?rst and third time 
periods referred to in FIG. 4, step 520. In one instance, the 
processor node determines that a particular device has a 
change in location When the comparison shoWs that the 
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received signal strength differs for communication signal 
received over at least tWo instances of operation as an MD, 
steps 525, 530. In another instance, the processor node 
detects that the MD device itself has changed location 
relative to others in the netWork When the comparison shoWs 
that the location determining information collected during a 
particular instance of operation as an MD, differs for a 
substantial number of devices When compared to that col 
lected during one or more previous instances of operation as 
an MD, steps 535, 540. Those skilled in the art understand 
that averaging or other mathematical manipulation of the 
location determining information sent to the processor node 
may be performed to improve the reliability of the location 
change determination. Such manipulation may be performed 
at the MD device(s), at the processing node, or both. The 
location information for a particular device is updated in 
response to a detected change in location. 

The present invention provides for signi?cant advantages 
over the prior art. By employing a distributed information 
collection model, location information can be derived for 
asynchronously netWorked devices in an effective and ef? 
cient manner. The location information collection process 
can be combined With overall communication activity man 
agement or mediation to build a more poWerful and ?exible 
communication netWork, using loW poWer, loW complexity 
communication devices. 

While the invention has been particularly shoWn and 
described With reference to a preferred embodiment, it Will 
be understood by those skilled in the art that various changes 
in form and detail may be made therein Without departing 
from the spirit and scope of the invention. 
We claim: 
1. A method of updating location information for com 

munication devices that are spatially distributed, the method 
comprising the steps of: 

at each of a plurality of communication devices and at 
multiple instances over a period of time, alternatively 
operating in ?rst, second, and third distinct modes, 
Wherein the ?rst mode comprises sleeping for a par 
ticular period of time, the second mode comprises 
Waking up and performing a particular function, and 
the third mode comprises communicating With others 
of the plurality of communication devices and collect 
ing and storing location determining information; and 

updating location information for selected devices of the 
plurality of communication devices device based on 
location determining information collected by at least 
one of the plurality of communication devices over 
multiple instances of operation in the third mode. 

2. The method of claim 1, further comprising the steps of: 
detecting that a particular device of the plurality of 

communication devices has a change in location by 
comparing location determining information collected 
by at least one of the plurality of communication 
devices during multiple instances of operation in the 
third mode; and 

updating location information for the particular device in 
response to a detected change in location. 

3. The method of claim 2, further comprising the step of 
uploading to a centraliZed processor, by selected devices of 
the plurality of communication devices, location determin 
ing information for communication devices having a change 
in location for determining relative location information for 
the plurality of communication devices. 

4. The method of claim 1, further comprising the step of 
coordinating communication activity for others of the plu 
rality of communication devices While operating in the third 
mode. 
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5. The method of claim 4, Wherein the step of coordinat 

ing further comprises the step of managing timing schedule 
activity for others of the plurality of communication devices 
While operating in the third mode. 

6. The method of claim 1, further comprising the step of 
operating the plurality of the communication devices such 
that only one of the plurality of communication devices 
function in the third mode at any particular time. 

7. The method of claim 1, further comprising the step of 
in at least one of the plurality of communication devices, 
selecting a time to operate in the third mode via an 
independent, random process. 

8. The method of claim 1, Wherein the location determin 
ing information comprises signal quality information for 
communication signals received from another of the plural 
ity of communication devices. 

9. The method of claim 8, Wherein the signal quality 
information comprises received signal strength information. 

10. A method operating a plurality of communication 
devices, the method comprising the steps of: 

at a particular device randomly selected from the plurality 
of communication devices and at multiple instances 
over a period of time, alternatively operating in a 
coordinating mode for coordinating communication 
activity among the plurality of communication devices, 
and a non-coordinating mode, in Which coordination 
for communication activity is provided by another of 
the plurality of the communication devices, and While 
operating in the coordinating mode, collecting and 
storing location determining information received from 
others of the plurality of communication devices; 

determining that one of the plurality of communication 
devices has changed location by comparing location 
determining information collected during different 
instances of operation in the coordinating mode; and 

updating location determining information for selected 
devices of the plurality of communication devices 
device based on location determining information col 
lected by the particular device for at least tWo instances 
of operation in the coordinating mode. 

11. The method of claim 10, further comprising the step 
of determining that the particular device has changed loca 
tion relative to others of the plurality of communication 
devices When a comparison of relative location determining 
information collected during tWo different instances of 
operation in the coordinating mode yield differences for a 
substantial number of the plurality of communication 
devices. 

12. The method of claim 10, Wherein the relative location 
information comprises signal quality information for com 
munications betWeen the particular communication device 
and another of the plurality of communication devices. 

13. A method operating a plurality of communication 
devices, the method comprising the steps of, at a particular 
device selected from the plurality of communication 
devices: 

operating in a coordinating role for communication activ 
ity for others of the plurality of communication devices 
during a ?rst period of time; 

receiving a ?rst communication from each of the other 
devices of the plurality of communication devices; 

recording signal quality information pertaining to each of 
the ?rst communication received; 

operating in a role other than a coordinating role for a 
second period of time subsequent to the ?rst period of 
time; 
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operating in a coordinating role for communication activ 
ity for others of the plurality of communication devices 
during a third period of time; 

receiving a second communication from each of the other 
devices of the plurality of communication devices; 

comparing the signal quality information for the second 
communication to that of the corresponding ?rst com 
munication for each of the second communication 
received; 

determining that a particular device has a change in 
location When the signal quality information for the 
corresponding ?rst communication is signi?cantly dif 
ferent from that of the second communication; and 

transmitting location determining information for the par 
ticular device. 

14. A method of operating a plurality of communication 
devices, the method comprising the steps of: 

at a particular device selected from the plurality of 
communication devices: 
performing a coordinating role for communication 

activity among the plurality of communication 
devices during a ?rst time period; 

collecting and storing location determining information 
regarding others of the plurality of communication 
devices during the ?rst time period; 

suspending the coordinating role for the duration of a 
second time period subsequent to the ?rst time 
period; 

communicating With the other communication device 
having the coordinating role during the second time 
period; 

resuming the coordinating role during a third time 
period subsequent to the second time period; 

collecting location determining information regarding 
others of the plurality of communication devices 
during the third time period; 

comparing location determining information collected by 
the particular device during the ?rst and third time 
periods; 

detecting that the particular device has changed location 
relative to others of the plurality of communication 
devices When the location determining information 
collected during the third period for a substantial num 
ber of the plurality of communication devices is dif 
ferent from that collected during the ?rst time period; 
and 

updating location information for the particular device in 
response to a detected change in location. 

15. Amethod of operation of a plurality of communication 
devices of an asynchronous netWork, each of the plurality of 
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communication devices being capable of operating in any 
one of a mediation communication mode for coordinating 
communication activity among others of the plurality of 
communication devices, a normal communication mode for 
non-coordinating communication activity, and a sleep mode 
for no communication activity, the method comprising the 
steps of: 

randomly selecting the mediation communication mode 
for each of the plurality of communication devices; 

at each of the plurality of communication devices, storing 
a compilation of location determining information 
based on communication received during each instance 
of operation in the mediation communication mode; 

detecting changes in relative location among the plurality 
of the communication devices by examining changes in 
location determining information collected by each of 
the plurality of communication devices during instance 
of operation in the mediation communication mode; 
and 

updating relative location information for at least some of 
the plurality of communication devices based on 
detected changes. 

16. An asynchronous communications netWork, compris 
ing: 

a plurality of communications devices each having a 
plurality of communication cycles and each operable to 
mediate communications betWeen the plurality of com 
munication devices during a mediation communication 
period in a mediation mode and each not operable to 
mediate communications betWeen the plurality of com 
munication devices in a normal operating mode, 
Wherein each communication cycle of the plurality of 
communication cycles comprises a mediation commu 
nication period during the mediation mode and a plu 
rality of normal communication periods and a plurality 
of sleep periods during the normal operating mode, 
Wherein upon entering the mediation mode, each com 
munication device of the plurality of communication 
devices randomly sets a duration of a ?rst communi 
cation cycle of the plurality of communication cycles of 
the communication device and collects and stores loca 
tion determining information based on communication 
With others of the plurality of communication devices; 

a processor node that receives the location determining 
information from the each of the plurality of commu 
nication devices and updates relative location informa 
tion for the plurality of communication devices. 

* * * * * 


